Insect viruses are among the most important pathogens of lepidopteran insects. Virus-infected larvae often show developmental defects including a prolonged larval period and a failure to pupate, but the mechanisms by which insect viruses regulate host development need further investigation. In this study, the regulation of host endocrinology by a lepidopteran entomopoxvirus (EPV), Mythimna separata EPV (MySEV), was examined. When fourth instar M. separata were inoculated with MySEV occlusion bodies, pupation was prevented and the insects died during the final (sixth) larval instar. Liquid chromatography-MS analysis revealed that juvenile hormone (JH) titres in the haemolymph of MySEV-infected sixth instars were higher than those in mock-infected larvae. JH esterase (JHE) activity was also examined by kinetic assay using a colorimetric substrate. The level of JHE activity in the haemolymph of MySEVinfected larvae was generally lower than that found in mock-infected larvae. In contrast, ecdysteroid titre in the haemolymph of final-instar MySEV-infected larvae was lower than that found in mock-infected larvae when measured by radioimmunoassay. A statistically significant difference in the release of ecdysteroids from prothoracic glands (PGs) that were dissected from MySEV-or mock-infected sixth instar Day 3 larvae was not found following prothoracicotropic hormone (PTTH) exposure. Our results indicate that the release of ecdysteroids was reduced not by infection of the PGs by MySEV, but by reduced PTTH production from the brain. Taken together our study suggests that EPVs retard host development by both reducing ecdysone titre and maintaining status quo levels of JH by preventing its metabolism.
Insect viruses are among the most important pathogens of lepidopteran insects. Virus-infected larvae often show developmental defects including a prolonged larval period and a failure to pupate, but the mechanisms by which insect viruses regulate host development need further investigation. In this study, the regulation of host endocrinology by a lepidopteran entomopoxvirus (EPV), Mythimna separata EPV (MySEV), was examined. When fourth instar M. separata were inoculated with MySEV occlusion bodies, pupation was prevented and the insects died during the final (sixth) larval instar. Liquid chromatography-MS analysis revealed that juvenile hormone (JH) titres in the haemolymph of MySEV-infected sixth instars were higher than those in mock-infected larvae. JH esterase (JHE) activity was also examined by kinetic assay using a colorimetric substrate. The level of JHE activity in the haemolymph of MySEVinfected larvae was generally lower than that found in mock-infected larvae. In contrast, ecdysteroid titre in the haemolymph of final-instar MySEV-infected larvae was lower than that found in mock-infected larvae when measured by radioimmunoassay. A statistically significant difference in the release of ecdysteroids from prothoracic glands (PGs) that were dissected from MySEV-or mock-infected sixth instar Day 3 larvae was not found following prothoracicotropic hormone (PTTH) exposure. Our results indicate that the release of ecdysteroids was reduced not by infection of the PGs by MySEV, but by reduced PTTH production from the brain. Taken together our study suggests that EPVs retard host development by both reducing ecdysone titre and maintaining status quo levels of JH by preventing its metabolism.
INTRODUCTION
Insect viruses are among the most important pathogens of lepidopteran insects. Insect pathogens and parasitoids can alter the development and physiological status of their hosts (Edwards et al., 2001; Kiuchi et al., 2003; Lawrence & Lanzrein, 1993) . Virus-infected larvae often show developmental defects such as a prolonged larval period and a failure to pupate (Nakai et al., 2004; O'Reilly, 1995) . One mechanism by which viruses in the Baculoviridae, a family of viruses with double-stranded circular DNA genomes, regulate host development involves the inactivation of ecdysteorids (i.e. moulting hormones such as 20-hydroxyecdysone). Baculoviruses regulate host development through the activity of a virus-encoded ecdysteroid UDP-glucosyltransferase (EGT), which catalyses the conjugation of sugars onto ecdysteroids, resulting in their inactivation (O'Reilly, 1995; O'Reilly & Miller, 1989) . Consequently, the infected larvae are unable to moult or pupate, and die during the larval stage. Infection by baculoviruses that carry the egt gene extends the larval period and increases virus yield in a host developmental stagedependent manner (Katsuma & Shimada, 2015) , and increases virus transmission in the field (Cory et al., 2001) . The larva-to-larva transmission rate of the virus in IP: 54.70.40.11
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Entomopoxviruses (EPVs) belong to the family Poxviridae, subfamily Entomopoxvirinae, a large family of enveloped, double-stranded DNA viruses with members that are pathogens of both arthropod and vertebrate hosts. Although EPVs are phylogenetically distant from baculoviruses, they share some common features, such as the formation of occlusion bodies (OBs), which protect the embedded viral particles from environmental factors. Some EPVs, like baculoviruses, are also able to prolong the larval stage or prevent pupation of the infected host (Nakai et al., 2004; Palli et al., 2000) . Like baculoviruses, EPVs also display several common phenotypes during host caterpillar infection that potentially allow them to maximize the production and transmission of progeny, and these commonalities may represent evidence of convergent evolution among insect viruses (Thézé et al., 2015) .
A fundamental understanding of how insects regulate the normal moulting process is important for understanding how alteration of this process contributes to virus transmission at both the cellular and organismal levels as well as virus fitness. In this study, we investigated how an EPV isolated from the oriental armyworm, Mythimna separata (Noctuidae, Lepidoptera), Mythimna separata EPV (MySEV, genus Betaentomopoxvirus) regulates juvenile hormone (JH) and ecdysteroid levels during the development of the EPV-infected host. M. separata is a pest of graminaceous plants that is widely distributed in China, Japan, India and Australia. We found that JH titres remain at status quo levels (i.e. do not fall) and that ecdysteroid levels do not increase following EPV infection. We next measured JH esterase (JHE) activity and the ability of the prothoracic glands (PGs) to release ecdysteroids and determined if these activities correlate with the changes in JH and ecdysteroid titres. JHE is a JH-selective esterase that scavenges JH from the haemolymph before pupation (Kamita & Hammock, 2010) . PGs release the moulting hormone ecdysone when they are stimulated by prothoracicotropic hormone (PTTH), a hormone that is released from the insect brain (Bollenbacher & Granger, 1985) . On the basis of our findings, we discuss a potential 'sequence of events' by which MySEV prevents pupation of the infected host.
RESULTS

Host development following virus infection
Non-virus-infected, healthy M. separata produced six instars, a pupal stage, and adults that emerged successfully from pupae (Table 1 (Table 1) . Statistically significant differences, however, were found in fifth and sixth instars that were inoculated with the three different doses of MySEV (Table 1) .
JH titre
JH titres in haemolymph from fifth and sixth instars of M. separata that were mock-or MySEV-infected are shown in Fig. 1 . In mock-infected final (sixth) instars, the haemolymph titres of both JH I and JH II were below the detection limits [i.e. v0.5 pg (ml haemolymph)
21
] of the liquid chromatography-MS (LC-MS) methodology that was used, except in the case of Day 0 sixth instars for JH I [1.6 pg (ml haemolymph)
]. In mock-infected fifth instars, peaks of both JH I and JH II were observed on Day 2 [maximum activity 7.4 and 10 pg (ml haemolymph)
, respectively]. In the MySEV-infected fifth instars, the peak titres of both JH I (on Day 1) and JH II (on Day 2) were at least twofold higher than those found at the same developmental stage of mock-infected larvae. In MySEV-infected sixth instars haemolymph JH I titres were higher until Day 3 of the instar and then they fell below the detection limits. On the other hand, haemolymph JH II titres in MySEV-infected sixth instars remained at relatively high levels [4.4 to 13.4 pg (ml haemolymph)
] during the entire 7 day duration of this stage.
JHE activity
JHE activity in haemolymph from fifth and sixth instars of M. separata that were mock-or MySEV-infected is shown in Fig. 2 ] was found on Day 1. In contrast, in MySEV-infected larvae (fifth and sixth instars) a distinct peak of JHE activity was not found, and the level of JHE activity was generally lower than that found in mockinfected larvae. In particular, JHE activity in MySEV-infected larvae was less than 63 nmol min 21 (ml haemolymph) 21 on Day 2 to Day 6 of the sixth instar.
Ecdysteroid titre
Ecdysteroid titres in haemolymph from sixth instar M. separata that were mock-or MySEV-infected are shown in Fig. 3 . In mock-infected sixth instars, haemolymph ecdysteroid titre increased from Day 3 to Day 6 and reached a plateau just before pupation [maximum activity 1422 ng ecdysteroid equivalents (ml haemolymph)
21
]. In MySEVinfected sixth instars, the ecdysteroid titre showed a peak [809 ng ecdysteroid equivalents (ml haemolymph)
] on Day 1 but remained at very low levels from Day 2 to Day 7.
Ecdysteroid induction by PTTH in cultured PGs
PGs were taken from final-instar larvae that were either mock-infected or infected with MySEV on Day 0 of the fourth instar, and incubated with crude PTTH extract prepared from the brains of healthy pupae. Following a 10 h incubation, ecdysteroid levels in the culture medium were determined (Fig. 4) . PGs from mock-infected larvae that were cultured in medium containing PTTH extract (PTTH+) released significantly more ecdysteroids into the medium than PGs that were cultured in medium without PTTH extract (PTTH2) (t54.7, df58, Pv0.01). Similarly, 
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PGs from MySEV-infected larvae that were cultured in medium containing PTTH extract released significantly more ecdysteroids into the medium than PGs that were cultured in medium without PTTH (t56.7, df58, Pv0.01). In mock-infected sixth instar Day 3 larvae, the mean ratio (Ar) of the induction of ecdysteroid release, i.e. (PTTH+ ecdysteroid concentration)/(PTTH2 ecdysteroid concentration) (Table S1 , available in the online Supplementary Material), was 6.2 + 2.0. This ratio was 3.0 + 0.3 in MySEV-infected sixth-instar Day 3 larvae (Table S1) . These values were not significantly different (t51.60, df58, P50.15). Trypan blue staining of the cultured PGs at the end of the 10 h incubation period was used to determine whether the reduced release of ecdysteroids was the result of a loss in cell viability. Differences in cell viability were not detected in PGs that were cultured in medium either with or without PTTH. Additionally, light microscope observations of the PGs from both mock-and MySEV-infected larvae showed no visual differences (i.e. PGs from MySEV-infected larvae lacked the presence of OBs), indicating that MySEV does not replicate in PGs.
DISCUSSION
Betaentomopoxvirus infection is known to cause changes in the levels of JHs and ecdysteroids in host lepidopteran larvae. This is clearly observed in larval Choristoneura fumiferana (Palli et al. 2000) and Adoxophyes honmai (Nakai et al., 2004) that are infected with Choristoneura fumiferana EPV (CFEV) and Adoxophyes honmai EPV (AHEV), respectively. Specifically, CFEV-infected larval Choristoneura fumiferana show elevated JH titre and reduced ecdysteroid levels relative to uninfected larvae, while AHEVinfected larval Adoxophyes honmai show lower JHE activity (presumably resulting in relatively higher JH levels) and lower ecdysteroid levels during the final instar. CFEV and AHEV also prevent the infected host caterpillars from pupating. These findings with CFEV and AHEV are consistent with the results of this study, and suggest that EPVs share a common mechanism of endocrinological regulation that involves the suppression of ecdysteroid levels and elevation of JH levels during the final instar.
Insects must precisely regulate the titres of key hormones for normal development to occur. In terms of JH, the rates of its biosynthesis by corpora allata, metabolism by JHE in the haemolymph (and by JH epoxide hydrolase in peripheral tissues), and sequestration play critical roles in regulating its concentration (Hammock, 1985) . In this study, we hypothesize that infection of fat-body cells of M. separata by MySEV suppresses the production of JHE or its release into the haemolymph. The reduction in JHE activity subsequently results in a reduction in JH metabolism which in turn results in JH titres that are higher than they would be in the absence of the virus. Another possibility is that MySEV infection causes an increase in the biosynthesis of JH by an unknown mechanism. Lepidopteran baculoviruses, like EPVs, are also known to infect fat-body cells (Federici, 1997) . Reduced JHE activity is found in caterpillars infected with baculoviruses such as Adoxophyes honmai nucleopolyhedrovirus and Adoxophyes orana nucleopolyhedrovirus , Adoxophyes honmai granulovirus (AdhoGV) (Nakai et al., 2002) and Autographa californica multiple nucleopolyhedrovirus (Hajó s et al., 1999) . Thus, the infection of fatbody cells and subsequent reduction in JHE activity may be a strategy used by both EPVs and baculoviruses to alter JH levels in infected hosts.
Insect viruses and insect parasitoids are known to regulate horomone levels through different mechanisms. For example, in baculovirus-infected larval Epiphyas postvittana infected with Epiphyas postvittana nucleopolyhedrovirus (Gatehouse et al., 2009 ) and larval Adoxophyes honmai , JH levels are maintained by the suppression of jhe gene expression, which in turn results in reduced JHE activity. Additional studies, however, are needed to establish whether MySEV is able to alter gene expression levels in M. separata. The braconid endoparasitoid Cotesia (5Apanteles) kariyai uses another approach to supress JHE activity in larval M. separata (Hayakawa, 2006) . In this system, the supression of JHE activity is attributed to an induced cytokine called growth-blocking peptide (GBP) that M. separata secretes into the haemolymph. GBP is induced in response to parasitization and environmental stress, and presumably by pathogen infection. It will be interesting to test the hypothesis that MySEV infection of M. separata triggers the secretion or production of GBP.
Haemolymph ecdysteroid levels in MySEV-infected larval M. separata were suppressed in comparison with those found in mock-infected larvae. In order to determine whether the release of ecdysteroids from PGs was the cause of the reduction in ecdysteroid levels, exo vivo PGs from mock-and MySEV-infected M. separata were cultured in medium supplemented with PTTH and the amount of ecdysteroids released into the medium was quantified. The release of ecdysteroids from PGs from MySEV-infected larvae was not significantly different from that found in PGs from mock-infected larvae. This indicated that the ability of the PGs to produce and release ecdysteroids was not significantly altered by MySEV infection, rather the lower haemolymph ecdysteroid levels appeared to result from the lack of ecdysteroid induction by PTTH. A similar suppression of ecdysteroid release is observed in larval Lymantria dispar infected with Lymantria dispar nucleopolyhedrovirus (LdNPV) (Park et al., 1996) . The authors of this study speculated that the release of PTTH from the brain is blocked because of the lack of available PTTH to stimulate PGs.
MySEV infection of larval M. separata prevented ecdysteroid levels from increasing except on the first day of the last instar (Fig. 3) . Similarly, Tanaka et al. (1987) showed that ecdysteroid levels in larval M. separata that are parasitized by Cotesia kariyai do not increase during the final instar. This lack of increase was attributed to a reduction in the synthesis and secretion of PTTH from the brain following parasitization. Similarly, a reduction in ecdysteroid titre is observed in final instar caterpillars that are infected with EPVs such as CFEV (Palli et al., 2000) and AHEV (Nakai et al., 2004) , and the baculovirus LdNPV (Park et al., 1996) . Furthermore, Sakurai & Imokawa (1988) have shown that elevated JH titre in the haemolymph prevents the release of PTTH. These studies show that the titres of ecdysteroid, JH and PTTH are coordinated in a highly complex manner. MySEV infection appears to alter this interaction by supressing the release or activity of JHE, which maintains JH titres at a higher level than that found in uninfected larvae. The higher JH level in turn could inhibit the release of PTTH from the brain which in turn could result in lower ecdysteroid titres owing to reduced stimulation of ecdysteroid release by the PGs. Although beyond the aims of this study, it would be interesting to examine the level of PTTH released from the brain of MySEV-infected larval M. separata.
Of the more than 74 baculovirus genomes that have been sequenced, all of the alphabaculoviruses and most of the betabaculoviruses encode an egt gene homologue (Rohrmann, 2011) . The exceptions are Xestia c-nigrum granulovirus (Hayakawa et al., 1999) , Spodoptera litura granulovirus (Wang et al., 2011) , and Heliothis armigera granulovirus (Harrison & Popham, 2008 ). An egt gene homologue, however, has not been identified in any of the sequenced EPV genomes (Afonso et al., 1999; Bawden et al., 2000; Mitsuhashi et al., 2014; Thézé et al., 2013) . This suggests that EPVs prevent moulting and pupation by mechanism(s) that do not involve the inactivation of ecdysteroids. We previously showed that pupation is inhibited in caterpillars that are infected by either AdhoGV, a slow-killing baculovirus that possesses an egt gene, or AHEV, an EPV that does not possesses an egt gene (Nakai et al., 2002 (Nakai et al., , 2004 Thézé et al., 2013) . In these studies, higher ecdysteroid levels were observed in AdhoGV-infected larvae than in mock-infected larvae, presumably because the glucosylated ecdysteroids accumulate in the haemolymph following inactivation by EGT. In contrast, ecdysteroid levels are suppressed in AHEV-infected final instar larvae. Thus, it appears that the EPVs and baculoviruses use different strategies to prevent host pupation.
The larval stage of holometabolous insects is the primary target of insect viruses, including EPVs, baculoviruses, cypoviruses and ascoviruses (Cheng et al., 2007; Federici, 1997; Harrison & Hoover, 2012) . Infection by these viruses can result in the arrest or alteration of host larval development. In this study, we found that the proximate factors that result in preventing pupation are elevated JH levels (relative to that found in mock-infected controls) and suppression of ecdysteroid levels during the final instar. The ultimate factors responsible for preventing pupation by EPV-infected larvae are yet unknown. If extension of the larval stage/prevention of pupation by EPVs and slow-killing baculoviruses like AdorGV is attributed to convergent evolution, there must be some benefit for the virus. One presumed benefit is that the larval stage is more suitable for viral replication and consequently more progeny will be produced. Similarly large larval size will provide more resources for increased progeny virus production. On the other hand, high levels of ecdysteroids in the haemolymph are known to suppress baculovirus replication (Keeley & Vinson, 1975) . Thus, the reduction in ecdysteroid levels (after the first day of the sixth instar of M. separata) may improve the replication rate of MySEV. Another potential benefit is suggested by the behaviour of virus-infected larvae. Larval M. separata that are healthy feed on the leaves of host plants, but as they enter the prepupal stage they descend to the soil to find a suitable location to undergo pupation. Thus, prevention of host pupation by EPV may also prevent the natural host behaviour to descend to the soil. This behaviour is likely beneficial to the EPV because the EPV-infected host will be further above the soil, and the progeny EPVs in the decaying cadaver will likely contaminate more leaf surfaces and/or be moved by birds or other predators. More studies are needed to determine if convergent evolution is involved in this EPV-induced phenomenon.
METHODS
Viruses and insects. Larval M. separata were obtained from a laboratory colony and reared on artificial diet according to Hattori & Atsusawa (1980) with minor modifications as described by Kyei-Poku & Kunimi (1997) . The colony originated from insects that were collected from a corn field maintained by the Field Science Center of Tokyo University of Agriculture and Technology. All insect rearing and experiments were carried out under controlled conditions (25 uC; 50% relative humidity; L:D, 16:8 h).
MySEV, an EPV isolate from China, was kindly provided by Professor T. Hukuhara of Tokyo University of Agriculture and Technology, and subsequently propagated in laboratory-reared fourth instar M. separata (Hukuhara et al., 1990) . OBs of MySEV were purified as described by Kyei-Poku & Kunimi (1997) .
Bioassay. Newly moulted fourth instar M. separata, after overnight starvation, were inoculated with MySEV OBs by droplet feeding. The larvae were exposed to 1 ml droplets containing 10 % (w/v) sucrose, 5 % (w/v) red food dye and MySEV OBs in sterile water. Droplets containing either 10 4 , 10 5 or 10 6 OBs were fed to 70, 51 or 54 larvae, respectively. As a mock-inoculated control, 70 larvae were exposed to 1 ml droplets of 10 % (w/v) sucrose and 5 % (v/v) red food dye in water. Larvae that ingested the entire droplet, checked by the colouring of the midgut, which is visible through the dorsal cuticle, were transferred individually to 1 oz (28.35 g) plastic containers with fresh artificial diet. Survival and mortality were monitored daily. Differences in the larval period were analysed by Kruskal-Wallis and Steel-Dwass multiple comparison. JH monitoring. As described above, fourth instar M. separata were inoculated with 10 4 MySEV OBs larva 21 by the droplet-feeding method. The larvae were reared individually on artificial diet, and haemolymph was collected at 24 h intervals after moulting to the fourth and sixth instars. For each time point, haemolymph was collected on ice from 7-33 larvae per day for fifth instars and 3-5 larvae per day for sixth instars by cutting a hindleg. Phenylthiourea was immediately added to a final concentration of 0.05 % (w/v) to prevent the activity of tyrosinase, and the haemolymph was centrifuged at 1800 g for 5 min to remove haemocytes.
The concentration of JH I and JH II in the haemolymph (10-30 ml) was determined at 24 h intervals during the fifth and sixth instars by LC-MS as described by Furuta et al. (2013) . The minimum detection level of JH in the haemolymph by this assay is 0.5 pg ml 21 . Lepidopteran insects have both JH I and JH II, and both JH I and JH II are biologically active in lepidopterans.
JHE esterase activity. JHE activity was measured by the method of McCutchen et al. (1995) as described in detail by Nakai et al. (2002) using the colorimetric substrate methyl 1-heptylthioacetothioate (HEPTAT) (Mccutchen et al., 1993) . Newly moulted fourth instar larvae were exposed to 10 5 MySEV OBs larva 21 . Haemolymph was collected from at least five MySEV-infected or negative control sixth instar larvae at 24 h intervals as described above. After the haemocytes were removed as described above, the haemolymph was mixed with phosphate buffer (pH 7.4) containing 0.015 % 5,59-dithiobis(2-nitrobenzoic acid) and 0.2 mM HEPTAT. After various incubation times at room temperature, the release of nitrothiobenzoate ion was measured at 405 nm using a microplate reader (Bio-Rad).
Ecdysteroid titration. As described above, fourth instar M. separata were droplet-fed with 10 5 MySEV OBs larva 21 and then reared individually on artificial diet. Haemolymph was collected from at least five MySEV-infected or negative control sixth instar larvae at 24 h intervals as described above except that the centrifugation was performed at 6000 g for 5 min to remove haemocytes. Ecdysteroid concentrations were measured by radioimmunoassay as described by Nakai et al. (2002) . Briefly, a 5 ml aliquot of haemolymph was mixed vigorously with 160 ml methanol. After a 30 min incubation at room temperature, the samples was centrifuged at 6000 g for 5 min to remove debris, the supernatant from this centrifugation was divided equally into three glass tubes and the methanol was allowed to evaporate. Rabbit antiserum that is specific for ecdysteroids was generously supplied by Dr. S. Takeda of the National Institute of Agrobiological Sciences, Tsukuba, Japan. The affinity of the polyclonal antibody for 20-hydroxyecdysone is approximately 3-, 25-and 125-fold higher than its affinity for ecdysone, 2-deoxy-ecdysone, and 2-deoxy-20-hydroxyecdysone, respectively; the polyclonal antibody shows no affinity for either cholesterol or b-sitosterol (Takeda et al., 1986) . Radiolabelled ecdysone { [23, H]ecdysone; specific activity 60 Ci (222 GBq) mmol 21 } was purchased from New England Nuclear.
Ecdysteroid induction by PTTH in cultured PGs. PG organ cultures were prepared in order to measure ecdysteroid release from PGs in response to PTTH exposure as described by Tanaka et al. (1987) . Newly moulted (Day 0) fourth instar M. separata were inoculated with 10 4 MySEV OBs larva 21 and reared on artificial diet until Day 3 after moulting to sixth instar. Crude PTTH extract was prepared from the brains of more than 60 healthy M. separata on Day 0 after pupation. Pupal brains were collected, washed with PBS, and homogenized in 300 ml Grace's medium (Grace, 1962) using an electric homogenizer (S-205; Ikeda Scientific), on ice. The homogenate was boiled for 2 min, cooled on ice, and centrifuged at 9000 g for 20 min at 4 uC. The supernatant (i.e. crude PTTH extract) was stored in aliquots at 285 uC until use.
Pairs of PGs that were dissected from MySEV-or mock-infected sixth instar (Day 3) M. separata were washed twice with 100 ml PBS. Following the PBS wash, each half of the PG pair was placed in 25 ml Grace's medium on a Petri dish (CELLSTAR; Greiner Bio-One). Subsequently, 5 ml crude PTTH extract or 5 ml Grace's medium was applied to each PG, the PGs were incubated for 10 h at room temperature and the Petri dish was wrapped with Parafilm in order to prevent desiccation. Following the 10 h incubation the PGs were stored at 285 uC until measurement of the ecdysone titres in the culture medium as described below. Five pairs of PGs, each pair dissected from the same host, were incubated in culture medium with PTTH (PTTH+) or without PTTH (PTTH2). The mean ratio of the induction of ecdysteroid release was determined by dividing the ecdysteroid concentration in the culture medium of PGs cultured in medium containing crude PTTH extract by the ecdysteroid concentration in culture medium of PGs cultured in medium without PTTH, i.e. (PTTH+ ecdysteroid concentration)/(PTTH2 ecdysteroid concentration). All of the PGs were stained with 30 ml 0.02% (v/v) Trypan blue solution for 5 min to confirm cell viability after the 10 h incubation. Ecdysteroids released from the PGs into the culture medium were quantified by an ACE enzyme immunoassay kit (purchased from Cayman Chemical Company) following the manufacturer's protocol. Ecdysone titres and Ar were analysed by the Student's t-test.
